Purpose Desmoid tumours of the extremity have a high recurrence rate. The purpose of this study was to analyse the outcome after resection of these tumours with special emphasis on recurrent disease and adjuvant therapeutic strategies. Methods In this retrospective study we evaluated prognostic factors for recurrence-free survival after surgical treatment of desmoid tumours of the extremity in 27 patients with an average age of 41 years treated from 1997 to 2009. Adjuvant radiotherapy (50-60 Gy) was given in five cases with primary and in nine patients with recurrent disease. The average follow-up was 64 months. Results The five-year recurrence-free survival in patients with primary disease was 33 %. Patients with negative resection margins tended to have a better outcome than patients with positive resection margins, but the difference between both groups was not significant (56 vs 14 %, p=0.145). In patients with positive margins, adjuvant radiotherapy did not significantly improve recurrence-free survival (40 vs 14 %, p=0.523). Patients with local recurrence had a five-year further recurrencefree survival of 47 %. In those patients further recurrence-free survival was significantly better after adjuvant radiation (89 vs 25 %, p=0.015). Two thirds of all patients suffered moderate or severe complications due to the treatment regimen. Conclusions Compared to desmoids of the trunk or the head and neck region, desmoids affecting the limbs show by far the worst outcome in terms of relapse or treatment-related morbidity. The importance of negative resection margins is still not clear. Particularly in recurrent desmoids adjuvant radiotherapy appears to reduce the further recurrence rate. Therefore, a general use of radiation should be considered for this high-risk group.
Introduction
Desmoid tumours (synonym: desmoids, aggressive fibromatosis) are slowly growing neoplasms that arise from deep musculo-aponeurotic structures. The incidence of the tumour is 2-5 cases per 1,000,000 per year [1, 2] ; most patients are between 25 and 35 years old and approximately two thirds of them are female [3] [4] [5] [6] [7] . Desmoids lack cytological features of malignancy and have basically no metastatic potential, but they do show locally aggressive and infiltrative behaviour, resulting in a remarkable propensity to cause local recurrence [1, 8] .
Treatment strategies include surgical resection, adjuvant or exclusive radiotherapy and systemic medical treatment including non-steroidal anti-inflammatory drugs (NSAIDs), hormonal agents, cytotoxic chemotherapy, interferons and tyrosine kinase inhibitors [9] . As aggressive fibromatosis was reported to occasionally show spontaneous stabilisation or regression [10] , even watchful waiting seems to be applicable under certain circumstances. To date, the rarity of the tumour and the heterogenic biological behaviour precluded identification of standardised treatment protocols. Whether negative resection margins reduce the risk of recurrence remains unclear [11] . However, a wide and local resection of the tumour is still the preferred treatment modality. Radiotherapy is mostly used as an adjunct, providing beneficial results especially in recurrent disease [7, 12] .
A significant proportion of patients suffer from local recurrence after initial surgery. With the evolution of combined treatment modalities recurrence rates have improved over the last few decades and have been reported to be 17-30 % (overall five-year recurrence rate) [3] [4] [5] [6] [7] 13] . The localisation of the tumour seems to have a major impact on the likelihood of local recurrence. Analyses of subgroups unveiled favourable outcomes for patients with trunk-localised tumours, whereas the recurrence rate of desmoids located in the extremities is still dramatically higher, reaching up to 80 % [3, 4, 14] .
Bearing in mind that surgery of desmoids of the extremities, which are frequently located in close proximity to neurovascular structures and muscles, is especially mutilating [14, 15] , more attention should be paid to this group of tumours. Therefore, the purpose of this study was to exclusively analyse the outcome of patients with extremity desmoids with special regard to adjuvant radiation and recurrent disease.
Patients and methods
Institutional Review Board approval had been obtained before initiation of the study. From the unit's tumour database we identified 58 patients referred to our institution between 1997 and 2009 under the initial diagnosis of either a desmoid tumour or aggressive fibromatosis. Of those, 31 patients had a tumour of the upper or lower limb and were enrolled in the study. Since four patients were lost to followup a total of 27 patients were investigated (Table 1) .
Patient demographics, including gender and age, history of trauma or previous operations in the tumour affected area instead of in the affected area and predisposing or concomitant diseases were prospectively collected and saved in our tumour database. Other factors analysed included the characteristics of the tumour, clinical presentation, surgical resection margins, pre-and post-operative morbidity, surgical complications and use of adjuvant therapies. Tumour characteristics examined included the location, size and depth of the tumour. Tumour size was determined by the greatest dimension of the tumour in the preoperative magnetic resonance imaging (MRI) scan. Resection margins of the tumour were assessed by histopathological examination (microscopic margins) and were considered as follows: R0 if the margin of the resected specimen was free of tumour, R1 if the tumour was identified at the inked margin of the specimen (microscopic margins positive) and R2 if the macroscopically detectable tumour reached the margins of the specimen [16] . If radiation was administered, the total dose and the technique were assessed and adjuvant drug treatment was documented. The indication for adjuvant radiotherapy was discussed before the intervention with the collaborating radiotherapist and the patient. Desmoids close to functionally important structures and with expected positive resection margins after surgery were more likely to undergo adjuvant radiotherapy especially in recurrent disease. Complication rates, e.g. treatment-associated morbidity, and satisfaction of the patients were evaluated. Complications were classified according to Goy et al. [15] : mild (oedema, pain without the need for analgesics, restriction of movement, paraesthesia), moderate (need for plastic surgery, use of analgesics, restriction of movement affecting everyday life) and severe (amputation, reduction of earning capacity).
Patients were divided into primary and recurrent disease groups and each group was analysed separately. All patients were followed up by MRI and recurrence was defined as a detectable tumour mass. Recurrence-free survival was calculated by the Kaplan-Meier method. If no relapse occurred, survival was calculated from the time of surgery to the last day of data acquisition. In cases of recurrence and reoperation in primary disease, the new operation date was set to zero, the patient changed to recurrent disease and further recurrence-free survival was determined accordingly. The log-rank test was used to determine whether the differences in survival between groups were significantly different. The level of significance was set at p≤0.05.
Results
Of 27 patients, 21 presented with a primary lesion without any previous treatment and six with recurrent disease previously treated elsewhere. The average age of the patients was 41 years, 16 patients were male (59 %). The median followup for the entire group of patients was 65 months. All 27 patients underwent resection of the desmoids in our institution. In total 16 patients received adjuvant radiation with a cumulative dose between 50 and 60 Gy, and one patient was treated by intraoperative radiation therapy with 12 Gy. The initial clinical manifestation of the disease was pain in 14 patients, restriction of movement in eight or both in five patients and nine patients reported a previous history of trauma or surgery at the location of the later tumour.
Twenty-one patients with primary lesions were allocated to the primary therapy group. Of those, 11 patients suffered recurrent disease and were analysed within the recurrent disease group after reoperation (Fig. 1 ).
Primary disease
Of the 21 patients with primary lesions, 12 (57 %) were male. The five-year disease-free survival of the whole group was 33 % (95 % confidence interval 22 -44 %, Fig. 2) . Macroscopically, all tumours were resected in toto; nine patients revealed negative margins (R0), whereas in 12 cases the histopathological evaluation revealed positive margins (R1). Of the nine R0-resected patients none underwent adjuvant radiation. Five patients stayed disease free during follow-up, and four had a local recurrence and underwent reoperation at our institution. Of the 12 patients with R1 resection, seven patients underwent no further treatment. Only one of them remained disease free during follow-up (14 %). Adjuvant radiation was given in the remaining five patients. Of those, two patients (40 %) stayed disease free.
Summarising the results of patients treated by surgery without adjuvant radiation (16 patients, nine R0, seven R1), ten patients (63 %, composed of four R0 and six R1) developed a local recurrence. Patients with R0 status had a higher recurrence-free survival rate than patients with R1 resection status; however, the difference was not significant (p=0.145).
Comparing the results of patients with R1-resected tumours with and without radiation of the primary tumour, adjuvant radiation seemed to improve the recurrence-free survival (recurrence-free survival of 40 vs 14 %), although these results were not statistically significant (p=0.523). There was no statistically significant difference in survival rates between male or female patients (female 67 vs male 58 %, p=0.53). A summary of the results of patients after primary treatment is displayed in Table 2 . Overall, 13 of the 21 patients with primary disease sustained recurrence; 11 of them underwent repeated surgery at our institution. Two patients chose a medical treatment without surgery (both sulindac and tamoxifen). One desmoid was stable at follow-up for 26 months, and the other one showed progression in the control MRI scan after five months.
Recurrent disease
In 11 patients of the recurrent disease group the primary surgical intervention was performed at our institution, whereas six were primarily treated elsewhere (total of 17 patients). Ten patients (59 %) were male. In this group the five-year re-recurrence-free survival was 47 % (95 % confidence interval 31 -63 %, Fig. 3 ). Eight patients in the recurrent disease group were treated by re-operation without adjuvant radiation (four R0, four R1). Adjuvant radiation was given in nine cases (two R0, seven R1).
Adjuvant radiotherapy led to a significantly lower rate of further recurrence (further recurrence-free survival 25 vs 89 %, p=0.015). As seen in the primary treatment group, no gender differences were evident (43 vs 50 % further recurrences, p=0.617). Of all 17 patients with relapse, eight suffered re-recurrence. Three patients had three relapses and one patient even four. Six of the eight further recurrences underwent subsequent resections and have now been free of disease for at least 12 months. A summary of the results of the recurrent disease group is displayed in Table 3 .
Treatment-associated morbidity
Of 27 patients, 18 (67 %) experienced treatment-associated complications (Table 4) ; 7 % of them were classified as (7) 14.3 % (1) Total (16) 37.5 % (6) Surgery & radiotherapy R0 (0) - (5) 40.0 % (2) Total, 21 patients 38.1 % (8) severe. Most commonly (in 12 patients) there was a restriction of movement of the operated limb, which was disabling in everyday life in nine cases. In one patient amputation of the lower leg was necessary due to extensive growth of the tumour that also affected the neurovascular bundle. In two patients a plastic surgeon was involved to cover larger skin lesions with a local flap.
Discussion
Treatment of desmoid tumours remains challenging. As therapeutic options extend from "watchful waiting" to radical resection, radiation and administration of chemotherapy, it is difficult to recommend one standard therapeutic strategy. Surgical resection still represents the therapeutic mainstay [6, 14] , but due to the high propensity to develop local recurrence in combination with severe functional and aesthetic consequences, doubts have been raised whether every desmoid should be resected. Moreover, the observation of spontaneous regression in some rare cases and the tumour's lack of metastatic potential lead surgeons to reconsider traditional treatment modalities [10, 17] . Efforts to identify prognostic factors have been the subject of recent research [3, 6, 14] and might be helpful in finding out whom and how to treat. Tumour location as a prognostic factor, with tumours of the extremities showing the worst outcome, has already been demonstrated [10, 14, [18] [19] [20] . While the five-year overall recurrence rate, including tumours located in the trunk, has improved and has been described to be between 17 and 30 % [4, 6, 7, 21] , the recurrence rate of limb desmoids is nearly twice as high [3, 4] . Desmoids of the extremities commonly grow near functionally relevant structures including nerves or vessels or even infiltrate them. To avoid morbidity, resection might be less radical with the potential for higher recurrence rates. Whether the extent of surgery itself has an impact on recurrence rates is still unclear. Some authors found significant advantages for R0-resected patients [3, 7] ; other series concerning primary disease have not found any differences [4, 6] . Interestingly, Salas et al. were able to show a highly significant disadvantage for patients after R2 resection (macroscopic residual tumour), with patients after R0 and R1 resection having the same outcome [14] . The results are probably due to the fact that desmoid tumours readily infiltrate locally, causing difficulties in properly assessing microscopic margins [4] . Thus, function-sparing surgery should be preferred to tumour-free resection margins. In general, 66 % of all patients suffering from aggressive fibromatosis are female [3, 4, 6] . Women tend to develop desmoids of the abdominal wall during or soon after pregnancy or under contraceptive medication, which frequently show spontaneous regression after menopause and easier surgical accessibility [22, 23] . In consequence, women were supposed to have a better outcomes [22] . Concerning limb localisation and recurrence rates, the majority of studies did not find any sex-related differences [3, 6, 7] . In our patients the male portion was remarkably high. This might have influenced the conclusions based on our findings. Age as a prognostic factor has been studied in several publications, basically without any prognostic influence [3] [4] [5] [6] . Evidence for negative outcome in younger patients is sparse [7, 14, 19] ; one survey associated higher age with poor outcome [10] . Furthermore, the efficacy of radiation therapy is still unclear. Though local control rates of 76-100 % in primary tumours have been reported in small series [3, 5, 7] , most authors see radiation as an adjunct to surgery. In two large retrospective studies the idea of enhancing local control via adjuvant radiation did not result in any significant advantage compared to surgery alone [5, 6] ; notably both series showed comparatively low recurrence rates in cases of R1 status without radiation (between 17 and 23 %). In (4) 0 % (0) Total (8) 25.0 % (1) Surgery & radiotherapy R0 (2) 100 % (2) R1 (7) 87.5 % (6) Total (9) 88.8 % (8) Total, 17 patients 58.8 % (10) Table 4 Summary of treatment-associated morbidity: The absolute number of complications is higher than the number of patients because several patients suffered more than one treatment-associated complication our study, adjuvant radiation led to a significant benefit in patients with recurrent disease. As mentioned before, neither resection status nor adjuvant radiation seem to alter the outcome significantly in primary disease, but at least secondarily could play important roles in the treatment of recurrent tumours. In the literature, there are no standard recommendations for the use of radiotherapy as an adjuvant therapeutic strategy. Most authors favour the use of radiotherapy in cases where the tumour grows in close proximity to neurovascular structures and where the resection results in tumour-positive margins. Some recommend radiotherapy also in cases where the tumour shows a multifocal and highly infiltrative growth pattern. However, the benefit remains controversial with difficulties in implementing unequivocally articulated indications and variations of energy sources and dosages [5] . Finally, the surgeon has to reconcile his arguments with the attitude of the patient towards an adjuvant therapeutic regimen. In our patient cohort, no R0-resected patient received radiation therapy. In recurrent disease, our decision to use radiation therapy was influenced more by the tumour location than the expected resection status. Therefore, some R0-resected patients with recurrent disease received radiotherapy.
Further resection is the most common treatment option for recurrent desmoids. It has been shown that control rates are similar or lower than in patients with primary disease [6, 24, 25] . This was confirmed by our results.
More than two thirds of our patients suffered treatmentassociated complications, mostly graded as moderate or severe. Due to the close relationship between tumour and neurovascular structures in limb-affecting desmoids the risk for treatment-associated complications is relatively high. To date, only Goy et al. have considered this aspect and described complications in one third of their patients [15] . Being aware that only 28 % of their patients showed limb-affecting desmoids, the difficulty in treating aggressive fibromatosis of the extremities is compounded by an increased treatmentassociated morbidity.
In summary, desmoids of the extremities have a high rate of recurrence and surgical treatment of these tumours is associated with a high rate of complications. Bearing in mind that most patients are under 35 years of age and the tumour shows no metastatic potential and in some rare cases stabilises without treatment, the main question of how the primary disease should be managed is still not answered. A wait and see policy, primary radiation or medical treatment include the risk of reducing the surgical resectability and are of doubtful value. In cases of recurrent disease, adjuvant radiotherapy seems to help irrespective of the resection margin. In primary disease the benefit of radiotherapy has yet to be proven. In conclusion, the therapeutic decision has to integrate the attitude of the patient and the morbidity associated with the surgical treatment. Prospective, randomised clinical studies with a higher number of patients must follow to develop general therapeutic recommendations.
